A study of 3,193 arterial entries of various types disclosed 66 major complications and 321 minor complications for a total complication rate of 13%. The Seldinger technique of percutaneous arterial catheterization was followed by the highest incidence of complications, the percutaneous needle puncture method was associated with an intermediate complication rate, and the cutdown arteriotomy with suture repair resulted in the lowest complication rate. Utilizing the brachial artery as the entry site resulted in a significantly higher complication rate than utilizing other sites for entering the arterial tree did. Factors significantly increasing the risk of arterial entry include the existence of aortic valvular incompetence in the patient, systemic anticoagulation at the time of the arterial entry, and the presence of arteriosclerosis or hypertension in the patient.
I NTRODUCTION OF A NEEDLE, catheter, or cannula into the lumen of the arterial tree for various diagnostic and therapeutic purposes constitutes an important recent advance in medical practice. During the past 15 years aortography. selective arteriography, cineangiocardiography, recordings of arterial pulse pressure variables, intra-arterial administration of medications, and arterial cannulation for cardiopulmonary bypass have advanced in frequency from an occasional research or experimental procedure to common routine procedures performed many times each day in most modern hospitals. Numerous observers18 have reported complications from these mechanical entries into the arterial tree. However, because of inconsistency in follow-up techniques, variability of emphasis in reporting findings, and other less obvious factors, one is unable to determine from perusal of the pertinent literature just what the complication rate is and which complications are most common.
From the Rumel Chest Clinic and the Division of Thoracic and Cardiovascular Surgery, Latter-day Saints Hospital, Salt Lake City, Utah. For example, Ward and Green17 reported only three minor complications in 1,360 arterial punctures; whereas Kottke and associates'1 reported significant complications following 20% of 270 arterial punctures. In an effort to clarify this wide discrepancy in reports and to review our own experience in this field, the study herein reported was undertaken.
Selection of Cases and Methods of Study
Cases in which mechanical arterial entry was carried out at Latter-day Saints Hospital between January 1, 1961, and August 31, 1966, were scrutinized. Only those cases in which complete hospital records were available for at least 24 hours after the arterial entry were selected for further study. A few additional cases were deleted because of inadequate or equivocal data in the hospital records. XVhen office records and attending physicians' private records were available and provided additional information, these two were utilized. By such means, adequate and reliable data were obtained on 3,193 arterial entry procedures performed on 2,360 patients. Attending physicians' notes, operative reports, house staff notes or entries on hospital records, treatment orders, and nursing notes were carefully reviewed in each case, searching for notations relative to possible complications or se- quelae from the arterial entry procedure. In all cases the presence or absence of palpable pulses distal to the arterial entry was noted by competent observers. Rehospitalization for transfusions, observation, or surgical treatment of complications related to the prior arterial entry was also noted. Since this study was concerned primarily with complications from the arterial entry itself, sequelae obviously resulting from other factors such as toxic reactions to the radiopaque contrast media used for arteriography were not considered in this investigation. In all instances where complications are listed following arterial entry, it was the considered opinion of the investigator that the complications resulted directly from the arterial entry itself, not from injection of contrast medium or other medication and did not exist prior to the arterial entry.
Findings Method and Site of Entry
The arterial entries included in this study can conveniently be divided into three types (table 1) : (1) simple percutaneous puncture; arteries so entered included the common carotid, abdominal aorta, common femoral, radial, subclavian and brachial; (2) percutaneous catheterization utilizing a flexible steel guide wire inserted through a needle and over which the catheter was threaded (Seldinger technique); all such entries in our study involved the common femoral artery; and (3) cutdown arteriotomy with suture repair of the arteriotomy: arteries so entered included the external iliac, subclavian, and brachial.
Complications
Complications noted following the arterial entry have been considered either as (a) major: those ending fatally, those requiring additional hospitalization or surgical treatment, or those from which the patient ultimately recovered but sustained long-term or permanent significant functional impairment; or (b) minor: those causing patients to complain of significant symptoms and demonstrate objective evidence of definite abnormal findings at their arterial entry site but which did not require more than a 24hour stay in the hospital, required no major surgical therapy, and resulted in no long-term permanent loss of function or disfigurement.
The total complication rate (table 1) for all arterial entries in our study was 13%, 2.6% of arterial entries being followed by major complications and 10.5% resulting in minor complications. It can readily be seen that the cutdown arteriotomy with suture repair of the artery results in fewest complications (7.7% incidence), whereas the Seldinger technique of percutaneous catheterization has the highest incidence of complications ( (table 3) are considered in detail, the complication rate for brachial arteriotomy is significantly higher than for external iliac or left subelavian arteriotomy.
Nature of Complications
The most common major complication (table 4) from arterial entry was thrombosis at the entry site with distal ischemia. Twenty such complications occurred, 15 requiring surgical correction of the obstruction; two amputations were necessary. Hemorrhage severe enough to require major therapy occurred following 12 arterial entries. Six cases of hemorrhage required surgical control, and all required transfusions. False aneurysms were recognized in 12 patients, eight requiring surgical excision. Massive ecchymoses, sufficient to require hospital treatment occurred in 10 patients. Thirty-three operations were required as treatment for the 66 major complications.
Four deaths could be directly attributed to arterial entry: One patient died in uremia with renal shutdown following surgical treatment of bilateral thrombosis at femoral catheterization sites; another died of massive arterial and aortic dissection following arterial cannulation for extracorporeal circulation; (table 5) , pain at the entry site was most common (82 patients). This pain was of severity sufficient to require injections of analgesic agents. Ecchymosis sufficient to cause local swelling, tenderness, and discoloration of an area more than 8 cm in diameter but not severe enough to require hospitalization or major therapy occurred following 63 arterial entries. In 54 patients a mass was palpable at the entry site, presumably consisting of periarterial extravasation of blood. Temporary loss of distal pulse (assumed to be arteriospasm) was noted in 38 patients. In all such cases, the pulses had returned by the time the patient was dismissed from the hospital. An interesting observation in 20 patients was occlusion of the artery at the entry site with contrast media (these symptoms are relatively common following arteriography), the cause of these complaints following arterial entry alone is not apparent.
Predisposing Factors (Table 6) When the incidence of complications following arterial entry is correlated with age of the patient, it is apparent that infants and young children have about twice as many complications as do patients over 10 years of age. The elderly patients (over 65 years) had an insignificant increase in incidence of complications compared to those under 65. The presence of clinically recognized arteriosclerosis or hypertension was associated with a three-and-a-half-fold increase in complication rate. Patients who were taking anticoagulants at the time of their arterial entry had more than four times as many complications as did those not receiving anticoagulants. The most dangerous predisposing factor to complication from arterial entry in our experience wvas the presence of significant aortic valvular incompetence. Approximately three fourths of the patients with pulse pressure of 75 mm Hg or more had complications following arterial entry.
Comment It seems apparent from this study that a significant number of complications, both major and minor, do occur after arterial entry.
Our data indicate that Kottke and associates" were probably correct in concluding that reports of no complications or very low complication rates following arterial entries 14 probably can best be explained by inadequate follow-up observations. Several surgeons wvhose patients were included in our study volunteered the opinion that no complications would be found among their arterial entries. Not until the records were searched and the objective findings and figures were demonstrated could they remember having seen complications. It would seem imprudent to permit enthusiasm for a new procedure to mask potential hazards of the procedure or to close our eyes and memories to complications that do occur. Although most types of arterial entry can be carried out with little danger to the patient, complications with serious consequences can readily occur and do so frequently enough that careful attention to details in the performance of such procedures and in the care of the patient after the arterial manipulation is indicated. The data herein reported shouild not be considered as an indictment against diagnostic arterial entry procedures. Their value is well established and far outweighs the possibility of complications. Nevertheless, objective studies of the complications that do occur should be carried out in an effort to determine ways and means of reducing to the lowest possible minimum the risk of these valuable procedures.
